Abstract -This article describes a formative assessment learning object that functions as a resource for students to learn independently. This experimental study conducted among science students at University Putra Malaysia seeks to clarify the nature of feedback needed by students in a computer aided assessment learning object. The students were divided into two groups -the control group (CAA1) evaluated their knowledge and comprehension of organic chemistry reactions using the CAA learning object prototype which offered only outcome feedbacks (correct or incorrect). Conversely, the experimental group (CAA2) evaluated their understanding of organic chemisry reactions with the assistance of scaffolded feedbacks (brief written explanation) offered by another CAA Learning Object prototype. Both prototypes had the same interactive questions but with different types of feedbacks. The study showed positive outcomes in terms of increased students' understanding due to the significant improvement of students' performance after they had used the computer aided assessment (CAA) learning objects. Although two groups of students were exposed to different types of feedback, their performance in the post-test significantly provide evidence that CAA can be an effective formative self-management tool for understanding organic chemistry concepts.
I. INTRODUCTION
Paper-based assessment is still a predominant choice of most academicians in higher education institutions in Malaysia. Although useful for summative evaluation, this type of assessment does not provide any feedback to students that they need to identify and clarify their misconceptions. Facilitating students' self-management skills through feedback can be fulfilled by a Computer Aided Assessment (CAA) learning object, a task which many academicians may find difficult to achieve for a large number of students. Mogey & Watt (1996) stressed that CAA should be designed as a user-friendly system which delivers feedback and information instantaneously and consistently in a format that is easily read and accessible to students. Consequently, students will be motivated to improve their performance since their frustration and risks are reduced after receiving explicit support during the learning process (Hartman, 2002) .
In relation to feedback, Bransford, Brown, and Cocking (2000) suggest using scaffolds such as providing elaboration or explanations so students can diagnose their own problems and improve their understanding of a specific concept. When their misconceptions are highlighted, the scaffolded feedback guide students to understand a specific content in the form of either a strategic hint on what to do next or a demonstration or worked example. A more frequently used feedback is the outcome feedback which immediately gives binary information whether or not the result is correct or wrong (Butler and Winne, 1995) . Regardless of the type of feedback offered, CAA is considered suitable for the tertiary level since students are expected to be more independent and should be able to manage their own learning progress.
Tsibola (2008) emphasized that it is essential for a CAA be designed and constructed to achieve a certain level of quality required of an assessment program. For example, in chemistry education, CAA can be applied to specifically diagnose students' performance prior to the introduction of a new or advanced concept. As mentioned by MuwangZake (2005), diagnosing a student's performance is crucial before providing the appropriate remedial help. In this study, CAA is identified as a self-management tool for diagnosing students' difficulties in learning chemistry concepts, and from the feedback given students are motivated to improve their conceptual understanding of chemistry content. As a result, students can then proceed to do more advanced thinking and problem solving than they could without such help. To be an effective self-management tool, CAA should allow students to have a central role in determining their own progress in learning and fosters a sense of self-responsibility to improve their understanding of specific topics.
II. CAA AS A SELF-MANAGEMENT TOOL IN CHEMISTRY
This paper focuses on CAA learning objects that contain questions related to fundamental concepts in organic chemistry, a compulsory subject for most science based courses like agriculture, food technology, biochemistry, pharmacy, veterinary, forestry, fishery, environmental science, material science, molecular science, natural products, chemistry engineering and medicine offered in many Malaysian universities. Most Malaysian science students view organic chemistry as a difficult subject to study and understand even though it is a compulsory to take as part of their university studies.
Understanding organic reaction mechanism is the key to mastering organic chemistry. Students have to study many types of reactions which can actually be recognized through some basic mechanistic patterns or concepts. It is the recognition of these mechanistic similarities between different reactions that allow organic chemistry to be readily understood. Comprehending these mechanisms will help make sense the thousands of facts that comprise organic chemistry. Without proper understanding, many students view organic chemistry as a difficult subject to study and understand. Moreover, instructors often display formulas or chemical symbols to describe phenomena that are not visible to the student. If students missed a fundamental concept on organic reaction mechanism, it would be difficult for them to understand advanced concepts of organic reaction mechanism in the future.
There is little research on the use of CAA as a formative self-management tool for diagnosing and clarifying concepts. Research is mainly centered on using CAA as a summative tool. However, assessment should not always be a formal procedure; instead assessment ought to encourage students to evaluate themselves at any time and place (Duarte, Nunes and Neto and Cambel, 2006). The implementation of CAA for assessing students offers several advantages (Lowry, 2005) which include • providing immediate feedback.
• saving marking time.
• saving time and costs for assessing large groups of students. Besides the above advantages, Tsibalo (2008) added other benefits linked to CAA. These are;
• consistency of standard • automatic detailed feedback to all students and examiners • self-assessment according to student's own time and pace • and use of multimedia Based on the above advantages, CAA can be an effective and efficient self-management tool for learning Chemistry. Students can, for example, receive immediate feedback and scores to judge their individual performance.
Clearly as a self-management tool, CAA assist students to comprehensively identify and evaluate their ability in mastering the mechanism of organic reactions. Once they have analyzed their performance through CAA, they would be able to identify the topics they needed to improve on.
The CAA learning objects in this study have been developed based on the view that learners are the responsible owners and managers of their own learning process, and the provision of an appropriate and effective environment allows students to independently diagnose their problems in learning organic chemistry concepts and this in turn motivates them to enhance their understanding of these concepts.
III. PROTOTYPE OF A CAA LEARNING OBJECT
The CAA learning objects prototypes consist of formative self-assessment questions on fundamental organic chemistry contents. The contents covered include the basic concepts of three main organic mechanism reactions, which are addition, substitution and elimination. The mechanism of organic reactions is the most important aspect in understanding organic chemistry. It allows students to predict logically the products yielded in any reaction condition.
Educators often raise some issues related to CAA like the following ones; 'do multiple-choice questions really test the intended learning outcomes?' and 'to what extent do the items offer scope for effective self-testing exercises and feedback format?', and 'to what extent students can guess the correct answer in a multiple-choice assessment?' Angelo and Cross (1993) argue that multiple-choice "frequently measure low-level abilities to remember and reproduce what are presented by others" (p.115). Therefore, to design good quality questions, Muwang-Zake (2005) has suggested that evaluation by means of CAA must involve the preparation of items on the basis of Bloom's taxonomy of learning objectives, followed by submission of the items to subject matter experts. The role of these subject matter experts is to validate the scope and contents of the test. These criteria were adhered to when the researchers designed the CAA learning objects prototype although functionally, the learning objects prototype perform the same core functions as other CAA and use multiple-choice questions.
The difference is the interactive features that are included in the CAA learning objects prototype which are questions with accompanying animations of organic chemistry reactions and immediate feedback. One of the learning objects prototype automatically gives scaffolded feedback for every inaccurate answer; the feedback is a clue about the chemistry concept covered in the question. Generally, the prototype model is based on the following features:
A. Personal login:
Students must log in before taking the test to facilitate individualized feedback for score and time recorded when each question is answered.
B. Questions
It consists of 30 questions, with 10 items each for facts, concepts and application types respectively.
C. Feedbacks
There are two types of immediate feedbacks offered. Thus, a student is encouraged to learn from his or her mistake and as a result, learning is reinforced. The student will also be given a second chance to answer the question again. The outcome feedback displays whether the answer is correct or incorrect. If the answer is correct, the message "Good Job!" appears and the student can then move to the next question. If the answer is incorrect, the message "Try again" appears. On the other hand, the "Incorrect View Tip" will appear if it is a scaffolded feedback as shown in Figure 1 . The tip given explains the main idea that forms the basis for the question asked. This provides students with an opportunity to assess their personal learning progress. The tip given focuses on learning rather than marks. 
D. Current score:
Each question answered correctly for the first time will be given 1 mark as shown in Figure 2 . The total mark is also displayed so a student will know his or her current score. 
E. Performance report:
After answering all questions, a student can immediately view and check the score she or he has gained as well as the time taken for answering each question as shown in Figure 3 and Figure 4 . The CAA will then create a report that calculates an overall mark based on the facts, concepts and application questions. 
F. Interactive question with animations:
There are some questions that require students' interaction in order to answer the questions. Figure 5 shows an example of the question demonstrating the steps of a reaction mechanism from reactant to product. A student has to select the correct movement of electrons for the mechanism reaction given by clicking any possible arrows. This feature gives a flexible choice to students to choose the correct answer, at the same time triggering his or her understanding regarding the organic mechanism reaction. 
IV. RESEARCH METHOD
In this research, the true experimental method was applied. To test the effectiveness of a CAA learning object prototype as a self-management tool for students of the Organic Chemistry subject and to compare the effect of different types of feedbacks, two sample groups of randomly selected second year students participated in the research. Each group consisted of 25 students who were taking the Fundamental Organic Chemistry course. The control group (CAA1) evaluated their knowledge and comprehension of organic chemistry reactions using the CAA learning object prototype which offered only outcome feedbacks. Conversely, the experimental group (CAA2) evaluated their understanding of organic chemisry reactions with the assistance of scaffolded feedbacks offered by another CAA Learning Object prototype. Both prototypes had the same interactive questions but with different types of feedbacks. The data collected were organised and analysed using the SPSS software.
The key question in this study is "How effective is the CAA learning object as a self-management tool for understanding Chemistry concepts?" The objective is to identify the outcomes of using the CAA learning objects as a self management tool to identify misconceptions and its correlation towards improving performance and achievement. A complementary question is "What is the consequence of employing different types of feedbacks on the performance of students?" This question seek to measure the effectiveness of employing feedback, according to types, by examining students' performance in using the learning objects to assess their understanding of organic chemistry concepts.
V. RESEARCH RESULTS
A comparison was made between two groups, the control group and the experimental group, with each group having 25 students each. The analysis was carried out using the t-test approach. Applying the t-test, a comparison between the minimum achievement values of the tests conducted on the control group and experimental group was performed.
Analysis of the t-test between the Pre-Test and Post-Test achievement for the Control Group (CAA1) is presented in Table 1 : The result is significant at t(25)=3.56, p<.005. Table 1 demonstrates there is a significant difference between the scores of the pre-test and post-test for the control group.
Analysis of the t-test between the Pre-Test and Post-Test achievement for the Experimental Group (CAA2) is presented in Table 2 : The result is also significant for the experimental group at t(25)=3.72, p<.005. Table 2 evidently shows that the experimental group has almost similar result with the control group since there is a significant difference between the scores of the pre-test and post-test for the experimental group as well. This shows that the use of the CAA learning objects prototype as a self management tool has affected students' performance positively towards improving their achievement in understanding the organic chemistry concepts of chemistry reactions.
Analysis of t-test for the Post-test Achievement between the two groups of students is presented in Table 4 : Table 3 shows the minimum score for the control group is slightly higher compared to the control group but is not significant. This suggest that the effect of employing the scaffolded feedback is not significantly different than employing the outcome feedback. Students were able to improve their understanding of the organic chemistry with the assistance of the feedbacks regardless of the type.
VI. CONCLUSION AND RECOMMENDATIONS
The findings of the research demonstrates that the use of the CAA learning object prototype as a self management tool to formatively assess students' understanding of organic chemistry reactions is effective, no matter what type of feedback is employed and given to students as a guidance mechanism. The two types of feedbacks are able to highlight the misconceptions of students anded direct students to go back and retry the question when an error is commit; consequently students are encouraged to improve their performance. This is in line with the purpose of using feedback which is motivating students, informing them how well they have done, and how to improve (Lingard, 2004; McKenna & Bull, 2000) .
The hints provided by the scaffolded feedback, although helpful, made no significant difference on students' performance. This research recommends that further research should be conducted on the types of feedback in CAA and how each type contributes to learning and motivation. This research was only able to emphasize the importance of feedback for enhancing students' performance, but it is crucial to study the nature of feedback required for facilitating optimum achievement in assessment. As a self management tool, the CAA learning objects promote learning and understanding of chemistry concepts, in this case organic chemistry; students were able to interact with the animation available in every question to view the mechanistic pathways of chemistry reactions and visualize the inverse of these reactions. Besides the feedbacks offered, these animations assist to create an authentic context for multiple-choice questions to facilitate the evaluation of specific understanding of content at a higher cognitive level.
In Malaysia, so far the initiatives in computer in education have concentrated on developing and delivering content to students. We should also strive to fulfill the Government's vision of creating a knowledgeable society, and to do this, true education must go beyond the access to information, and involve active learning to construct and apply knowledge (Weigel, 2001 ). The learning objects prototype is proposed as an alternative teaching and learning technology tool to improvise on the traditional approach since the most effect students are those who are self managed. They are able to learn independently and are motivated to achieve positive outcomes in their academic performance, even without their teacher's guidance. This will lead to the improvement of teaching and learning effectiveness especially in this era of innovative technological advancement.
